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ß Worked on the Manhattan Project

ß Nobel Laureate (Physics – 1965)

ß Drum player

ß Smoked pot

ß Picked up women in bars

ß Gave massages

ß Learned to draw nudes

ß Persuaded women to pose for him

ß Skilled at picking yale locks

ß Died 1988



Feynman regarded philosophers as 
parasitic!

‘Philosophy is an industry built by 
incompetent logicians’

‘Philosophers are always a tempo behind, 
like tourists moving in after the explorers 

have left’







NANOPARTICLENANOPARTICLE

has diameter ofhas diameter of

1 to 100 nanometres 1 to 100 nanometres 

1 nanometre1 nanometre

is is 

1 billionth of a metre1 billionth of a metre

oror

1 millionth of a millimetre1 millionth of a millimetre



80,000 80,000 nanoparticlesnanoparticles
in a row are thein a row are the

diameter of a hairdiameter of a hair









Each keratin hair produces a miniscule 
force of 10-7 N, but with millions of hairs 

together, the adhesion is 10 N cm-2

Professor Andre Geim

University of Manchester



A 100 nm nanoparticle relative to a football is 
the same as a football relative to the moon



If a nanoparticle was the size of a football ……….



a red blood cell a red blood cell 
would be the size of would be the size of 

a football pitcha football pitch







1 mm3

1 million billion1 million billion

10 nanometre cubes10 nanometre cubes

make up a make up a 

1 mm cube1 mm cube



1 cm3

1 μcm3

1 nm3

PROPORTION OF SURFACE ATOMSPROPORTION OF SURFACE ATOMS

1 in 107

1 in 103

80% on surface



Converting a grain of salt Converting a grain of salt 
into into nanoparticlesnanoparticles
would increase the would increase the 

surface area by 100,000surface area by 100,000



PROPERTIES OF NANOPARTICLESPROPERTIES OF NANOPARTICLES

Conditions:  25oC, pH7, in water

Dissolution time:QUARTZ

1 mm3

1 nm3

34 million years

1.1 seconds



UNUSUAL PROPERTIES OF NANOPARTICLESUNUSUAL PROPERTIES OF NANOPARTICLES

The following properties are likely to change:

Thermal

Mechanical

Electronic

Magnetic

Optical

Surface

Interfacial





WORLD MARKET FOR NANO / NANOMODIFIED PRODUCTSWORLD MARKET FOR NANO / NANOMODIFIED PRODUCTS
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DG Bank / VDIDG Bank / VDI

€ 1 trillion€ 1 trillion



€€ 65 billion65 billion



Ivory TowerIvory Tower

Minor LeagueMinor League
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DRAMATIC CHANGE IN LIFE CYCLEDRAMATIC CHANGE IN LIFE CYCLE
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Introduction

Ramp-up

Maturity

End of life

Volume

Development

PREVIOUSLYPREVIOUSLY

1 year

Volume

Development

Fast
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Dramatic end
of life

Demand
fluctuation

NOWNOW

Source: Dr Tsugio Makimoto - Hitachi/Sony  



TIME-SCALE

MARKETS

IMPACT OF NANOTECHNOLOGYIMPACT OF NANOTECHNOLOGY

NOWNOW



PROJECTED CONTRIBUTION OF NANOTECHNOLOGY TO THE US ECONOMY 2015PROJECTED CONTRIBUTION OF NANOTECHNOLOGY TO THE US ECONOMY 2015

New materials
33%

Electronics
30% Pharmaceuticals

18%

Chemicals
10%

Aerospace
7%Tools

2%







NANOCOMPOSITE PROPERTIESNANOCOMPOSITE PROPERTIES

NYLON-6 / MONTMORILLONITE 

tensile strength up 40%

tensile modulus (elasticity) up 68%

flexural strength up 60%

flexural modulus (bending) up 126%

distortion temperature up from 65oC to 152oC

Improved flame retardant properties 



CLAY MINERALS FAMILYCLAY MINERALS FAMILY

Clay MineralsClay Minerals

SmectiteSmectite VermiculiteVermiculite MicaMicaTalcTalcKaolinKaolin

Southern Clay Products: Bentonites

Elementis: Hectorites

BentoniteBentonite HectoriteHectorite

Aluminium 
magnesium silicate

Magnesium 
lithium silicate



Clay Exfoliated Clay Exfoliated Nanocomposite

Good dispersion
is crucial

Good dispersionGood dispersion
is crucialis crucial
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245 tonnes / year for 245 tonnes / year for nanocompositesnanocomposites

--

Polypropylene side body mouldings reinforced with Polypropylene side body mouldings reinforced with 
montmorillonitemontmorillonite



Decklid, Top, Hood, Fenders

COMPOSITE BODY PANELSCOMPOSITE BODY PANELS



TARGET PROPERTIES RANKED BYTARGET PROPERTIES RANKED BY

Charge dissipation

Surface quality

Toughness

Stiffness

Strength

Lower permeability

Thermal stability

Lower part weight
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THERMOPLASTIC OLEFINS (TPO) USED BY GM NORTH AMERICATHERMOPLASTIC OLEFINS (TPO) USED BY GM NORTH AMERICA

TPO used
million lb / year

55 lb TPO used 
in  a GM Avalanche

55 lb TPO used 55 lb TPO used 
in  a GM Avalanchein  a GM Avalanche

Increased use of TPO driven by:
• Lower cost
• Less mass
• Improved appearance

Increased use of TPO driven by:
• Lower cost
• Less mass
• Improved appearance

CHEVY AVALANCHECHEVY AVALANCHE





EXAMPLES OF NANOCOMPOSITES ALREADY IN USEEXAMPLES OF NANOCOMPOSITES ALREADY IN USE

20% weight saving over conventional covers

MITSUBISHI GDI models
Nylon/Clay Nanocomposite for 

Engine Cover

TOYOTA Camry
Nylon/Clay Nanocomposite

for Air In-take Cover



100130115150Heat Deflection 
Temperature

100120105115Tensile 
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Talc
CompoundNanocompositeProperty

PHYSICAL PROPERTIES (NORMALISED) OF FILLED COMPOUNDS OF PHYSICAL PROPERTIES (NORMALISED) OF FILLED COMPOUNDS OF 
POLYPROPYLENE COMPARED TO VIRGIN POLYPROPYLENE RESINPOLYPROPYLENE COMPARED TO VIRGIN POLYPROPYLENE RESIN









CARBON NANOTUBESCARBON NANOTUBES

5050--100 x STRONGER THAN STEEL100 x STRONGER THAN STEEL

1/61/6thth THE WEIGHTTHE WEIGHT

70 COMPANIES MAKING THEM70 COMPANIES MAKING THEM

MITSUBISHI WILL MAKE 1,500 TONNES BY 2007MITSUBISHI WILL MAKE 1,500 TONNES BY 2007





8,200 Swiss Fr8,200 Swiss Fr

Floyd Landis











Ice hockey player Teppo Numminen in action with a nanotube-containing hockey stick.

Credit: Montreal Sports Oy







increased shelfincreased shelf--lifelife

Top 3: beer

meat

soft drinks



88,000 tonnes per week
4.6 million tonnes per year

Weight of 6,000 London    
buses each week      

For every £50 spent on 
food, £8 goes towards the

packaging costs.

Adds £470 to the average
annual bill



NANOPARTICLESNANOPARTICLES

inin

SUNSUN--SCREENS SCREENS 

scatter harmful UV light scatter harmful UV light 

but not visible lightbut not visible light
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Melanoma kills about 1,300 Australians each yearMelanoma kills about 1,300 Australians each yearMelanoma kills about 1,300 Australians each year

Skin cancer accounts for more than 80% of all new cancersSkin cancer accounts for more than 80% of all new cancersSkin cancer accounts for more than 80% of all new cancers



NANOPARTICULATE SKIN CARE PRODUCTSNANOPARTICULATE SKIN CARE PRODUCTS
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Business Communications Co. – Small Times Magazine, January / February 2006 page 14



Sales:   € 14.5 billion

Pre-tax Profit:   € 2.1 billion (14.5%)

R&D expenditure:   € 507 million (3.5%)

Sales:   Sales:   €€ 14.5 billion14.5 billion

PrePre--tax Profit:   tax Profit:   €€ 2.1 billion (14.5%)2.1 billion (14.5%)

R&D expenditure:   R&D expenditure:   €€ 507 million (3.5%)507 million (3.5%)



Visibility

Maturity

Positive
hype

Trigger
technology

Plateau of
productivity

Peak of inflated
expectations

GARTNERGARTNER’’S PROGRESSION OF EMERGING TECHNOLOGIESS PROGRESSION OF EMERGING TECHNOLOGIES

Trough of
disillusionment

Negative
hype

Slope of
enlightenment







EXTENDED LIFETIME OF SOCCER BALLSEXTENDED LIFETIME OF SOCCER BALLS

30%

20%

10%

0%

InMat coated
latex bladders

Latex bladders

Soccer ball 7 day air loss test









Smith     Nephew

Acticoat SILCRYST

Unique patented

Nanocrystalline silver technology

7 day wear times


